Background: Although the link between psychological distress and altered cortisol level has been already shown; very limited information exists about this association among Black youth. Objectives: We tested sex differences in predictive role of symptoms of anxiety during adolescence on annual decline in morning salivary cortisol levels in early adulthood among Black youth. Patients and Methods: Data came from wave 1 (year 1994), wave 6 (year 2000), and wave 7 (year 2001) of the Flint adolescent study. In this study 176 Black youth (85 males and 91 females) were followed for 7 years from mean age of 15 at baseline to 22 at the end of follow up. Linear regression was used for data analysis with change in salivary cortisol from 2000 to 2001 as the dependent variable, symptoms of anxiety, at 1994 as independent variable, age, number of employed parents, depressive symptoms and alcohol use at 1994 as controls, and sex as the moderator. Results: Higher level of anxiety symptoms at 1994 was predictive of a higher decline in morning salivary cortisol from 2000 to 2001 for all youths, while the effects of baseline socio-economics, depressive symptoms, and alcohol use were controlled. Among female participants, anxiety symptoms at 1994 were predictive of a greater decline in morning salivary cortisol level from 2000 to 2001. The association was not found among males. Conclusions: Our findings suggest sex differences in the predictive role of anxiety symptoms during adolescence on the annual decline in cortisol level during early adulthood. While most research on this topic is among White middle class individuals, our findings shed more light on the longitudinal links between psychological distress and the hypothalamus-pituitary-adrenal (HPA) axis function among Black youth.
Background
The hypothalamus-pituitary-adrenal (HPA) axis is responsible for maintenance of hemostasis. Following exposure to stress, secretion of corticotropin-releasing hormone (CRH) by hypothalamus stimulates secretion of adrenocorticotrophic hormone (ACTH) by the pituitary gland. Subsequently, release of ACTH results in the release of cortisol from the adrenal glands (1) . Cortisol is involved in response to stress (2) and several other important physiological processes such as growth, reproduction (3) (4) (5) , and energy balance (6) .
Altered HPA function seems to be one of the intermediate mechanisms by which psychosocial disadvantage such as long term exposure to high levels of chronic stress increase risk of adverse health outcomes (7) (8) (9) . In this view, long term exposure to stress over the life course may result in non-reversible modifications to the HPA system with the end product of cortisol, that although is designed to save the individual in response to acute stress, its chronic activation will be damaging for the organism (7, (10) (11) (12) . This is supported by a large body of research evidence from studies on humans, primates, and rodents that suggest that exposure to stress during critical developmental periods have permanent effects on HPA regulation, with deleterious effects on health (13) .
The psychological distress-HPA dysfunction link has been suggested by a considerable amount of research. (3, (14) (15) (16) Yet, most of the available knowledge on this link originates from cross sectional studies or longitu-dinal studies with short term follow up of mostly White middle class adults (17, 18) . Less is known about long term association between anxiety symptoms and HPA axis activity among Black youth (19) . Although research has confirmed a link between psychosocial stress, anxiety disorders, and dysregulation in HPA function (20, 21) , the research on the association between anxiety during adolescence and HPA axis activity in adulthood is scarce (19) . There is considerable evidence for HPA axis dysregulation in posttraumatic stress disorder (PTSD) (21, 22) , separation anxiety (1), panic disorder, with agoraphobia, and those with comorbid depression (19) , and pharmacological agents that increase anxiety in both normal people and patients with panic disorder raise the stress hormone levels (23) . Different anxiety disorders (e.g. generalized anxiety disorder, panic disorder, and PTSD) affect stress hormones in distinct ways. While anticipatory anxiety and generalized anxiety disorder activate both the HPA and the sympatho-adrenal axes, panic attack has been shown to cause major sympathetic activation, with very little effect on the HPA axis (23).
Objectives
As the literature has suggested that the links between acute and chronic stress, psychopathology, and HPA function may differ among males and females (24) (25) (26) (27) (28) (29) (30) (31) , in the current study we examined sex differences in the predictive role of anxiety symptoms during adolescence on annual decline of morning salivary cortisol level during early adulthood among Blacks. As most of the research on the association between HPA axis and anxiety originates from cross-sectional studies (1, 19) , the current longitudinal study with long term follow up is believed to make a unique contribution to the literature.
Patients and Methods

Design and Setting
Data came from the Flint adolescent study (FAS), a longitudinal study conducted from 1994 to 2012 in Flint, Michigan. The study protocol was approved by the University of Michigan Institutional Review Board and all participants signed consent or assent forms before each interview (24, 32).
Original Study
The Flint adolescent study (FAS), is a longitudinal study with 12 waves of data collection. The FAS followed 850 Black/African American and White adolescents from their 9 th grade to their transition into young adulthood. Data for the current study came from wave 1 (1994), wave 6 (2000) , and wave 7 (2001) of the study. Retention rates were 90% from waves 1 to 4 and 75% from waves 4 to 8 (33) (34) (35) .
Participants and Sampling
Participants were sampled from four local public high schools. The study enrolled students in the fall semester of ninth grade if they had a grade point average (GPA) of 3.0 or lower in 8 th grade and they did not have a diagnosis of developmental disability or emotional impairment. The current analysis only included Black/African Americans who provided saliva samples in waves 6 and 7, and had stayed in the study until wave 9. Youth who consented to saliva sampling were not different from the overall wave 6 sample. The decision of not to include Whites was made because of very few Whites individuals included in waves 6 and 7.
Procedure
Data were collected during structured face-to-face interviews conducted either at school or at alternative community locations. A self-administered questionnaire assessed more sensitive information and was distributed at the conclusion of each interview to facilitate confidentiality. This study followed students, irrespective of drop out from schools. On average, each interview lasted 50 -60 minutes.
Measures
Salivary cortisol level: Saliva samples were collected from a subset of samples (N = 201). This number was a proportion of all participants who were present in wave 6 (N = 573), provided consent to the procedure, and were eligible for the saliva collection. Eligibility for saliva collection included not being pregnant, and not having eaten, drank or used tobacco in the hour prior to the collection. Participants provided saliva samples at the beginning of the interview, which happened before 11.00 A.M. in all cases. Samples were placed on ice prior to transportation and assay. Cortisol was specifically assessed by high sensitivity salivary cortisol enzyme immunoassay by Salimetrics, Incorporated. The saliva samples were thawed and centrifuged at 1,500 rpm for 15 minutes before assay. The assay follows standard enzyme immunoassay procedures as previously described (24, 33) . The intra-and inter-assay coefficient of variations ranged from 3.88 to 7.12 % and 6.69 to 6.88 %, respectively. The lower limit of sensitivity of this assay is 0.007 μg/dL (25) .
Symptoms of anxiety (independent variable): Symptoms of anxiety were measured by the brief symptom inventory (26) . Six items assess the frequency of feeling uncomfortable due to symptoms of anxiety during the past week. Response options are on a Likert scale that ranged from 1 (not at all uncomfortable) to 5 (extremely uncomfortable). Items were averaged to form a scale. This scale has been shown to have high internal consistency and test-retest reliability (27, 28) . The Cronbach's alpha is 78 for the Black youth at wave 1 in the present study (Appendices).
Covariates: Age, family socioeconomic status (parental employment), symptoms of depression, and alcohol use were used as control variables. Symptoms of depression: Depressive symptoms were measured by six items from the brief symptom inventory (26) . These items assess the frequency of feeling uncomfortable during the past seven days due to symptoms of depression such as feeling hopeless about the future, and having no interest in things. Response options on the Likert scale ranged from 1 (not at all uncomfortable) to 5 (extremely uncomfortable). These six items were averaged to form the final scale. Researchers have found that this scale has high internal consistency and test-retest reliability and is valid to use with adolescents (27, 28) . Cronbach's alpha was 79 for the current sample at wave 1 (Appendices).
Alcohol use: Participants were asked to report if they had ever used alcohol in their lifetime. If alcohol was reported, frequency of alcohol use in the past 30 days (0 = never, 1 = once a month or less, 2 = 2 -3 times a month, 3 = about once a week, 4 = 2 -6 times a week, 5 = about once a day, 6 = more than once a day) was then assessed. Participants who had never used alcohol were coded as never in the past 30 days. Because of relatively low rates of marijuana use (skew), the variable was recoded into four categories for analysis (0 = never, 1 = 3 or fewer times a month, 2 = 1 -6 times a week, 3 = daily use) (Appendices).
Data Analysis
We used SPSS 20.0 (PASW, Chicago, Il) for data analysis. Means and standard deviations (SD) were reported for baseline age, anxiety symptoms, depressive symptoms, alcohol use, and cortisol levels at waves 6 and 7. Pearson's correlation test was used to investigate unadjusted bivariate associations between the study variables. We used paired t-test to compare mean cortisol levels at 2000 and 2001. For multivariable analysis, first we ran a logistic regression to the pooled sample. Then we ran logistic regression models specific to each sex. Level of anxiety symptoms was the independent variable of interest, age, number of employed parents, depression, and alcohol use at baseline were control variables, and sex was the moderator. P Values less than 0.05 were considered significant.
Results
Age of the participants ranged from 14 to 17 years, with a mean of 15 and a standard deviation of 1 year, respectively. From the total 176 participants, 85 were male (48.3%), and 91 were female (51.7%). Mean cortisol level showed a decline from 2000 to 2001 (Table 1 ).
As Table 2 shows, in the pooled sample, age was correlated with depressive symptoms and alcohol use, but not anxiety symptoms. Cortisol at 2001 was lower among females; however, cortisol and sex were not associated at 2000. Cortisol at 2000 was also not correlated with age, symptoms of anxiety, symptoms of depression, or alcohol use at 1994. Symptoms of anxiety, depression and alcohol use were all positively correlated at baseline ( Table 2 ).
As Table 3 shows, age was positively correlated with anxiety and depressive symptoms among males but not females. Age was positively correlated with alcohol use among males but not females. Number of parents working was negatively associated with depressive symptoms among males, and was positively associated with anxiety and depressive symptoms among females. Cortisol was not correlated with age, anxiety, depression, or alcohol use at baseline among males or females (Table 3) .
Results of the regressions are presented in Table 4 . As this table shows, sex and anxiety were the only variables that were correlated with change in cortisol over time in the pooled sample. Age, employed parent, depressive symptoms, and alcohol use were not correlated with change in cortisol over time in the pool sample. Among males, alcohol use, and among females, symptoms of anxiety were associated with change in cortisol over time. Age, symptoms of anxiety, employed parent, and depressive symptoms among males and age, employed parent, depressive symptoms, and alcohol use among females were not associated with change of cortisol over time (Table 4) . 
Discussion
High level of anxiety symptoms among female Black adolescents at 2000 was predictive of a higher annual decline in cortisol level 7 years later when they are early adults. Among males, the baseline alcohol use but not level of anxiety symptoms was predictive of later annual decline in cortisol level.
In line with our findings, several (1, 2, 19, 29) if not all (30) studies have shown an association between level of anxiety and cortisol levels in individuals with chronic conditions, healthy adults, and psychiatric disorders. In a study among patients with a chronic medical condition, the correlation coefficient between anxiety symptoms and salivary cortisol was 0.980 (P Value < 0.001) suggesting an extremely strong positive correlation between the two variables (31) . In support of our findings, sex differences in the HPA function in response to acute and chronic stress have also been reported previously (36) (37) (38) (39) (40) (41) (42) (43) .
In line with our study, drinking alcohol has also shown to be linked to the function of HPA axis and cortisol level (44) . Animal studies (45, 46) and epidemiological studies (17, (47) (48) (49) (50) have documented an effect of alcohol use on HPA axis activity. Epidemiological studies among apparently healthy population have found elevated cortisol levels in heavy drinkers (51, 52) and alcohol-dependent individuals show altered HPA axis function while in withdrawal (44) . The slope of cortisol decline over the day may be reduced in heavy drinkers (44) . Some research also supports our finding on sex differences in the drinking-cortisol level link (44) . For instance, Badrick and colleagues found a positive association between units of alcohol intake per week and cortisol among men but not women. In women the cortisol awakening response was greater in heavy drinkers compared with moderate drinkers (44) .
This study makes a unique contribution to the literature by extending the current knowledge on the longitudinal link between anxiety and HPA axis among Black youth who experience poverty, blocked opportunities, high risk environment, and unemployment. Most previous research has enrolled a sample which is mostly White middle class (53) .
Our findings suggest that for Blacks who live in disadvantaged urban areas, high anxiety symptoms during adolescence is predictive of later annual decline in cortisol level over early adulthood, especially among females. Findings can be explained by the concept of 'allostatic over-load' which suggests that long term exposure to chronic, excessive stress causes in poor regulated stress response that predicts a wide range of poor health outcomes (10) (11) (12) .
Our findings on the link between anxiety symptoms and cortisol level can be better understood with the more controlled studies such as one by Abelson and colleagues (2) who documented elevated overnight cortisol levels among patients with panic disorder. Authors studied patients with panic disorder for a) activity of HPA axis at rest over a full circadian cycle, b) activation of HPA axis by a panicogenic respiratory stimulant that does not directly stimulate the HPA axis, and c) activation of HPA axis after a panicogenic that does directly stimulate the HPA axis and showed exaggerated paradigm-related ACTH secretion in patients with panic disorder. Authors concluded that the HPA axis dysregulation associated with panic disorder may be due to hypersensitivity to contextual cues (2) .
Our findings are also consistent with a study that examined adrenocortical activity among normally developing and at-risk youth with internalizing symptoms (54) . The researchers found a link between internalizing problems and gradual or steep declines in basal cortisol production. Internalizing symptoms were associated with immediate and delayed cortisol reactivity to social performance stressors. Authors found no evidence of an association between externalizing problems and cortisol level, however. In that study, the symptoms ranged from subclinical to clinical levels of psychopathology and salivary cortisol levels were measured to assess basal, diurnal variation, and responses to social stressors (54) .
Our findings on sex differences are also supported by previous research. Kallen et al. (1) explored sex differences in the link between the level of anxiety with basal HPA axis activity in youth with anxiety disorders. Among 8 -16 year olds, they found that in girls but not boys, high level of anxiety was associated with a weaker rise in early morning cortisol concentrations. In their study, however, among both males and females, separation anxiety was associated with basal cortisol levels. In that study, separation anxiety and physical anxiety symptoms predicted cortisol concentrations at noon (1) .
Current study focused on anxiety symptoms and did not measure anxiety disorders or the sub-type of anxiety disorder. Subtype of anxiety disorder modifies the effect of anxiety on HPA function (1). For instance, change in HPA axis is shown among patients with panic disorder with agoraphobia and anxious patients with comorbid depressive disorder (19).
Researchers have also reported results that do not support our findings. Ockenfels et al. (55) did not find an association between chronic stress and overall cortisol excretion or cortisol reactivity. In their study, however, self-reported chronic stress was linked to the diurnal pattern of cortisol excretion. Higher morning and lower evening levels of cortisol were seen among individuals who reported high level of chronic stress (55) . The sample for that study, however, was mostly composed of Whites and the study was cross-sectional in design.
Our findings have implications for understanding and elimination of health disparities among Black youth. Blacks including Black youth are exposed to disproportionally higher levels of chronic stressors and report higher levels of psychological distress, even if they less frequently meet criteria for anxiety and other anxiety disorders (56, 57) . Among Blacks, disturbance of the HPA axis may be at least partially responsible for higher levels of hypertension and cardiovascular diseases (58), obesity (59), metabolic disorders (60), diabetes (61) and even cardiovascular risk (62) . The results are also important because they link to important concepts of anxiety (63) (64) (65) (66) (67) (68) and cortisol (69) in the general population among a minority group. Sex differences found in this study are another emphasis on specificity of risk rather than its universality (70) .
Our study has a few limitations. The study did not enroll a national or a representative sample, as it enrolled samples from a single city in Midwest. Measurement of cortisol was also limited in the current study. We used annual decline in average morning concentration of cortisol, however, the HPA function can be better measures using the stress response test and area under the curve of cortisol and ACTH secretion (71) . In addition, the sample size was not very large. Finally, the current study measured anxiety symptoms, not anxiety disorder. This is very important as type of anxiety disorder influences the HPA axis function. For instance, some evidence has shown hyper-suppression in PTSD, which is very different from panic disorder or physical and general anxiety disorder (2, 19, 22) .
To conclude, our findings suggest that among female Black youth, anxiety symptoms during adolescence predict subsequent annual change in morning cortisol level during early adulthood. The findings help us better understand the longitudinal connection between of symptoms of anxiety during adolescence and rate of the cortisol decline in early adulthood. Our findings suggest that among female but not male Black youth, level of anxiety symptoms during adolescence may have some implications for prediction of trajectory of the HPA axis function several years later. Future research is needed to better understand the complex links between race, sex, chronic stress, psychological symptoms, psychopathology, alteration of HPA function, and health disparities.
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